The complete nucleotide sequence (1448 nucleotides) of RNA 2 of a Czechoslovakian isolate TpM-34 of red clover necrotic mosaic virus (RCNMV-TpM-34) has been determined. The sequence contained one major open reading frame (ORF) with the potential to encode a protein of 326 amino acids (Mr 35755), designated P2. The nucleotide sequence of RNA 2 of RCNMVTpM-34 and the previously published sequence of RNA 2 of an Australian isolate of the virus (RCNMVAus) were 83 % identical and there was 80% amino acid sequence identity between the P2 proteins of these isolates. However the N-terminal two-thirds of the P2 proteins shared a higher degree of similarity than the C-terminal regions which were predicted to have a more flexible structure. An ORF in the 3' portion of RNA 2 of RCNMV-Aus, which could encode a protein of Mr 5000, was not present in RNA 2 of RCNMVTpM-34. RNAs 1 and 2 of RCNMV-TpM-34 and RCNMV-Aus are bilaterally compatible.
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Red clover necrotic mosaic virus (RCNMV), a member of the Dianthovirus group (Matthews, 1982) , has a genome of two positive-strand RNA components, RNA 1 (4.0 kb) and RNA 2 (1.4 kb) (Gould et al., 1981) . Both RNA 1 and RNA 2 are required for systemic infection of plants (Gould et al., 1981 ; Okuno et al., 1983; Osman et al., 1986; Paje-Manalo & Lommel, 1989) , but RNA 1 can replicate and give rise to virus particles in protoplasts in the absence of RNA 2 (Osman & Buck, 1987; PajeManalo & Lommel, 1989) , implying a role for RNA 2 in cell-to-cell movement of the virus. RNA 2 encodes a protein of Mr 34K to 35K (Morris-Krsinich et al., 1983; Lommel et al., 1988) , which may be analogous to the movement proteins of other plant viruses (reviewed by Hull, 1989) . The complete nucleotide sequences of the RNA components of an Australian isolate of RCNMV (RCNMV-Aus) have been reported (Lommel et al., 1988; Xiong & Lommel, 1989) . We now report the nucleotide sequence of RNA 2 of a Czechoslovakian isolate of RCNMV (RCNMV-TpM-34) (Musil, 1969) and compare it with that of RNA 2 of RCNMV-Aus.
RCNMV-TpM-34 was propagated, virus particles were extracted and purified, and viral RNA was isolated as described previously (Osman et al., 1986) . Doublestranded cDNA was synthesized (Gubler & Hoffman, 1983) either using unfractionated viral RNA as a template with random oligonueleotide primers (Taylor et t Present address: NERC Institute of Virology and Environmental Microbiology, Mansfield Road, Oxford OX1 3SR, U.K. 0000-9806 © 1991 0000-9806 © SGM al., 1976 or with unfractionated, polyadenylated (Ahlquist et al., 1981) viral RNA, using TloG as a primer. Double-stranded cDNA was either tailed with dC and cloned into PstI-linearized dG-tailed pUC8 or pBR322 or cleaved with Sau3A and the fragments were cloned into BamHI-cleaved pUC8. cDNA clones of RNA 1 or RNA 2 were identified by agarose gel electrophoresis of viral RNA, followed by Northern blotting and hybridization with nick-translated or oligolabelled probes prepared from individual clones (Osman & Buck, 1987) .
The nucleotide sequences of five independently obtained cDNA clones of RNA 2 were determined (Sanger et al., 1977; Chert & Seeburg, 1985) in both directions after subcloning regions into M13 vectors (Messing & Vieira, 1982) , by generating unidirectional deletions using exonuclease III (Henikoff, 1984) or by using oligonucleotide primers corresponding to known parts of the sequence. These clones were: GC200 [nucleotide (nt) 1 to 1341], GC4 (nt 1 to 803), TOBA3 (nt 714 to 981), $7 (nt 911 to 982) and SU5 (nt 979 to 1148). The sequences of the 5' end (nt 1 to 74) and also nt 959 to 1432 were determined by primer extension (Ahlquist et al., 1981) on an RNA 2 template. The 3' sequence (nt 1339 to 1448) was determined by 3' end labelling of electrophoretically purified RNA 2 with [3Zp]pCp followed by specific enzymic cleavage and gel electrophoresis (Stahl et al., 1989) . The 3'-terminal nucleotide of RNA 2 was determined after complete digestion of 3" end-labelled RNA 2 with T2 ribonuclease, followed by ., 1988 ). An ORF that could encode a protein of M~ 5K was found in the 3' portion of RNA 2 of RCNMV-Aus (Lommel et al., 1988) . Although the start of a corresponding ORF was found in RNA 2 of RCNMV-TpM-34, a termination codon was located after only 18 amino acids (Fig. 2) . This result suggests that RCNMV RNA 2 is monocistronic, in agreement with the conclusion of Lommel et al. (1988) who failed to detect a protein of Mr 5K in the products of in vitro translation of in vitro transcripts containing the 5K-encoding ORF of RCNMV-Aus RNA 2.
Comparison of the nucleotide sequence of RNA 2 of RCNMV-TpM-34 with that of RCNMV-Aus (Lommel et al., 1988) revealed 83~ identity (five gaps were introduced to align the sequences) (Fig. 1) . Regions with the greatest sequence identity were found at the 3' terminus (nt 1342 to 1448; 89.0~ identity) and in the Nterminal 72~ of the P2-coding region (nt 79 to 786; 87.7~ identity); the lowest sequence identity was found in part of the 3' non-coding region (nt 1057 to 1341; 77.5 ~ identity) and in a region near the C terminus of the P2-coding region (nt 787 to 942; 72.2~o identity).
Comparison of the amino acid sequences of P2 of RCNMV-TpM-34 and that of RCNMV-Aus (Fig. 2 ) revealed 80~ direct sequence identity. (No gaps were needed to align the sequences.) The sequence of the Nterminal 236 amino acids, showing 92~ sequence identity, was the most highly conserved region. However the following 52 amino acids (amino acids 237 to 288, corresponding to nt 787 to 942) showed only 44~ sequence identity. The relatively poor conservation of this region in the P2 proteins of the two isolates suggests that its sequence may not be critical for the putative cellto-cell movement function. Analysis of potential secondary structures (Chou & Fasman, 1978; Garnier et al., 1978) of P2 of RCNMV-TpM-34 and that of RCNMVAus predicted mainly co-helical and fl-sheet structure for the first 220 amino acids, followed by predominantly random coils and//-turns for the remaining C-terminal amino acids of both proteins. This suggests that the Cterminal region has a flexible structure. Xiong & Lommel (1989) reported significant degrees of amino acid sequence homology between the putative RNA polymerase encoded by RNA 1 of RCNMV-Aus and corresponding proteins encoded by viruses in other groups, the carmovirus group (carnation mottle virus, turnip crinkle virus), the luteovirus group (barley yellow dwarf virus) and maize chlorotic mottle virus (unclassified). However we could detect no significant sequence identity between the P2 proteins of RCNMV-TpM-34 or RCNMV-Aus and any proteins corresponding to ORFs of these other four viruses. Nor was any striking identity found when the amino acid sequence of RCNMV-TpM-34 P2 was compared with all available protein sequences of plant viruses. The low degree of amino acid sequence identity reported between regions of P2 of RCNMV-Aus and P3a of brome mosaic virus (BMV) (23.6 ~ identity in a 54 amino acid overlap) (Lommel et al., 1988) and P3a of cowpea chlorotic mottle virus (CCCMV) (19.7 ~o identity in a 157 amino acid overlap, including gaps) (Allison et al., 1989) was conserved in P2 of RCNMV-TpM-34. However, a search of the NBRF protein database using the Lipman & Pearson (1985) algorithm revealed similar, or greater, degrees of identity with regions in over 100 unrelated proteins. Hence the functional significance of the identity between regions in P2 of RCNMV and P3a of BMV and CCMV remains to be determined.
When RNAs of RCNMV-TpM-34 and RCNMV-Aus were separated (Osman et al., 1986; Osman & Buck, 1987) and inoculated in homologous or heterologous mixtures to cowpea leaves, lesions were formed in numbers similar to those induced by inocula of the parent isolates. Hence these two isolates can form pseudorecombinants in both directions. Previous studies have shown that isolates of RCNMV and other dianthoviruses can form pseudorecombinants either bilaterally (Okuno et al., 1983; Osman et al., 1986) or unilaterally (Rao & Hiruki, 1987) . The ability to form viable pseudorecombinants probably depends, amongst other things, on the ability of the viral RNA replicase to recognize sequences at the 5' and 3' ends of the heterologous RNA. It is noteworthy that 22 out of 23 nucleotides at the 3' end of RNA 2 of RCNMV-TpM-34 and RCNMV-Aus were identical, allowing formation of a stem-loop structure (Lommel et al., 1988) which may be an RNA polymerase recognition site. Eight nucleotides at the 5' termini of the RNAs were identical.
